This paper is concerned with the modeling and the fitting of an original epidemic model for plants disease. This model has the shape of a bump function which reflects the effect of the temperature and the wetness duration. Moreover, we provide a procedure that involves bounds constraints to fit the introduced model. In addition, our modelling accuracy and efficiency are evaluated for some reported studies in the literature. The simulation results are provided for the validation and in order to show the effectiveness of the proposed epidemic models for diverse plant infections reported in the literature.
INTRODUCTION
The conception of epidemiological models for plant diseases is one of the most important tool for predicting, controlling and estimating the infection incidence [1] , [2] . This can be assessed by characterizing the influence of some environmental variables. In this study, we develop an model to predict infection incidence by pathogens as a function of the combined effects of temperature and wetness duration. The parameters of this model are estimated and adjusted according to the type of infection caused by various phytopathogenic agents. For this purpose, we introduce constraints on the model's location parameters and we minimize the sum of residuals based on the trust-region method. The proposed methodology presents a simple tool to use for the prediction and / or control of plant infection. In addition, the validation of our model is considered for different plant disease derived from several studies published in the literature [3] , [4] , [5] . We perform a comparison study and we show that the obtained goodness of fit results of the proposed model is more efficient than the other reported model. The reminder of the paper is organized as follows. In Section 2, we introduce a plant infection model under the mixed effects of temperature and wetness. Section 3 provides a fitting procedure in order to estimate the involved model's parameters. In section 4, the proposed model is validated by using simulation results with comparison to various reported works in the literature. Finally, concluding remarks are presented in Section 5.
MODELING PLANT DISEASES
In this section, we introduce a model with mixed effects of some environmental on plant disease which characterize the relative infection response with regard to the effect of the temperature and the wetness duration. This model is defined as follows:
where ( ) (
)( ( ( ) )) (2 ) and is the measure of the relative infection on a scale from 0 to 1, is the temperature (in Celsius), is wetness duration (in hours) and is the model residual or perturbation error represented by an unknown random normal variable.
The biological meaning of the parameters of the disease model (1) (4 ) and is the minimum wetness duration for infection (in hours)
Note that the proposed model (1),(2) possesses the shape of a bump function. In the sequel, we will fully characterize such function by estimating its parameters.
Remark 1
We stress out that by definition of the introduced model, the location parameters naturally satisfy the fact that for all ( ) we have:
The function take their values in the interval ,if and only if for all (6) Proof. The condition ( ) implies the fact that the functions do not go to infinity at the boundary of the domain, -.
In addition, one can straightforwardly see that this function takes positive values only between 0 and 1.
MODEL ESTIMATION
The estimation step in the modeling of plants disease is normally based on likelihood principle which under standing statistical assumptions. This principal is used to fit a given model to the observed data and it is equivalent to applying the least square method in the case when the measured values are independent and the residual model follows a normal distribution.
The fitting problem consists of estimating the parameters that are the optimal solution to the following nonlinear least square optimization (Sum of Squares Error (SSE) minimization) ‖ ̂‖ (7 ) The objective criteria (7) is evaluated by using the sample data of measured temperature * + and the set of measured wetness duration * + with their corresponding observed relative infection * +. Then, in order to fit the model to the sample data we simply use ̂ ( ) as defined by model (2) The optimization problem (7) do not incorporate any information on the samples T and W. In fact, to take into account the models conception, we introduce the following intrinsically bounds
{ (8 )
Such bounds endow the optimization problem (7) with a lower bound on and and an upper bounds respectively on and .
In the following result, it is shown how to characterize the proposed bounds.. Proposition 2. In order to fit the data sets ( ), the following bounds must hold Proof. The argument line is straightforward from the construction of the bump function .
Remark 2.
In the above result one can see that the upper bound and lowers bounds and are not characterized. In fact these additional bounds may be defined by setting them naturally to some empirical or trivial meteorological extremum values. For instance, set and more or less , . Consequently, the optimization problem (7) 
Such constrained optimization problem can be solved using nonlinear programming methods such as the classical Gauss-Newton with its many variants, Trust-Region or Interior Points method. We stress out that in general unlike the well-known commonly used linear least-squares method, the nonlinear least squares optimization problem is very hard to solve. In this case, it is not guaranteed to converge to the global minimum since we are dealing with a non-convex problem. In practice, these mentioned methods can perform well if the initial starting points are well guessed or can be close to the optimal solution.
MODEL VALIDATION AND NUMERICAL RESULTS
In part, we provide a comparison study with the most well known nonlinear models related to plant infection with various phytopathogenic agents under the combined effects of wetness duration and temperature.
The comparison models can be categorized into three classes as follows  Beta model [5] :
 Duthie's model [6] :
( * , ( )-+ ) (14 )  Polynomial model [7] : There is many kinds such that the ( ) or the logit of is polynomial function ( ) p(t,w)= . / ( ) (15 ) Note that index accuracy gives close estimates to the real observed disease score . On the other hand, the goodness of the fit in the simulation study greatly depends on others statistical measures of performance such as . This performance measure should be validated along with its adjusted value in order to indicate the strength of the linear relationship between the predicted and observed values as they become closer to the 1 that reflect a perfect fit.
To fit our model, we have used Trust Region method to solve the optimization problem (11) . Matlab supports this method via the function fit. The chosen initial conditions , and for the temperature and the wetness, are close to the proposed bounds on , and . For the others initial parameters we have chosen values between 0 and 1. The simulation results in Tables [1, 2] . Show that the proposed model is more performant than the other reported models in the literature [5] , [4] , [3] . It is clearly seen that our performance factors are better, we have significantly achieved a better fit, and we have outperform these reported models (13) , (14) , (15) . [8] , [9] , [10] , [5] 0.81 * * *
Puccinia allii
Spring Onion
Duthie Model [6] , [11] , [4] 0.9501 * * *
Spinach
White Rust Spinach Polynomial model [12] , [13] [7], [14] , [15] 0.8917 0.8909 * * 
4.1.Simulation figures
In the sequel, some figures are depicted to illustrate our simulation results. 
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CONCLUSION
The model and the method presented in this paper are original. We have provided a suitable epidemic modeling by using simple techniques for plant disease analysis. This can be useful for disease prediction and control. Moreover, the comparison study have shown the primacy of the proposed epidemic model that outperforms the other reported models.
